Introduction {#S0001}
============

Herniated lumbar discs (HLDs) are among the most commonly occurring musculoskeletal diseases that cause radiating pain in the lower extremities.[@CIT0001],[@CIT0002] The mechanisms underlying pain following HLD are chemical inflammation around the nerve roots and their mechanical compression.[@CIT0003] Chemical inflammation is the main mechanism that underlies radicular pain in most cases of HLD, and it can be successfully managed non-surgically with interventions such as epidural steroid injections (ESIs) and oral medications.[@CIT0004],[@CIT0005] However, when the size of the herniated disc is large, the pain may not respond to these interventions, which makes decompression with surgery the most viable option.

Minimally invasive disc decompression (MIDD) has compelling advantages over open surgery. Only one or two small-diameter (a few millimeters) skin punctures are required for MIDD; it minimally invades the skin, fascia, and muscles compared to open surgery. A smaller incision reduces the risk of adverse effects, such as blood loss and infections at the incision site, and promotes faster recovery after treatment.[@CIT0006] Additionally, local skin anesthesia is sufficient for MIDD, whereas general anesthesia should be performed for open surgery. However, previous studies have reported lower successful treatment rates with MIDD than that with open surgery, although MIDD is safer and less invasive.[@CIT0007]--[@CIT0009]

Various devices have been used for MIDD. During these procedures, the wand is usually inserted into the lumbar disc through the introducer needle and it vaporizes nuclear tissue using bipolar radiofrequency applied to a saline-conducting medium. However, this technique is limited because the wand tip cannot easily reach the herniated nucleus.[@CIT0006] This limitation may account for the reduced success rates of MIDD in controlling radicular pain due to HLD.

Compared with previous devices, the recently developed, navigable percutaneous disc decompression device has a wand tip that can be curved by rotating a control wheel; this allows the tip of the wand better access to the herniated disc, where it can apply the bipolar radiofrequency current ([Figure 1](#F0001){ref-type="fig"}).[@CIT0006] Its effectiveness in managing radicular pain following HLD has been previously reported.[@CIT0006],[@CIT0010] However, its effectiveness for HLD pain that is refractory to repeated ESIs and that requires open surgery has not been reported.Figure 1L'DISQ^®^'s wand, with its navigable tip. The tip of the wand can be curved to the desired angle by rotating the control wheel.

We report two cases of lumbosacral radicular pain following HLD that did not respond to repeated ESIs but were successfully managed using a navigable percutaneous disc decompression device.

Case Presentations {#S0002}
==================

Written informed consent was obtained from the patients for publication of this case report as well as the accompanying images.

Two patients with lumbosacral radicular pain that was refractory to repeated ESIs were recruited for this study. Both patients provided informed content for participation in this research. The study was approved by the Institutional Review Board at Yeungnam University Hospital.

Patient A, a 48-year-old man, visited the spine center at the University Hospital with pain in the right buttock, lateral thigh, and calf, which had lasted for two weeks. The pain was piercing and tingling. The patient had a score of 7 out of 10 on the numeric rating scale (NRS). The pain was aggravated when he flexed his lower back. Upon physical examination, he had a positive straight leg-raising test (SLRT) result at 40 degrees on the right side. His right extensor hallucis longus had a Medical Research Council (MRC) score of 3, but no sensory deficits were observed. Lumbar magnetic resonance imaging (MRI) revealed a massive right central extrusion of the L4-5 intervertebral disc ([Figure 2A](#F0002){ref-type="fig"}). Before he visited our hospital, he had received three repeated transforaminal ESIs at the right L5 nerve root, as well as two repeated interlaminar ESIs at L4-5. However, no pain reduction was observed following each procedure. At his next visit to our hospital, we conducted a percutaneous disc decompression with radiofrequency energy using the navigable percutaneous disc decompression device (L'DISQ^®^, U & I Co., Uijeongbu, South Korea) ([Figure 2A](#F0002){ref-type="fig"}). The procedure was conducted under the guidance of fluoroscopy. The patient was in the prone position, and we marked the patient's skin approximately 13 cm from the midline in order to guide the needle entry. The endplates of the target disc (L4-5) space were aligned. The C-arm was rotated ipsilaterally in order to position the lateral margin of the ipsilateral superior articular process. This was done at approximately 3/5 of the distance across the vertebral body, as visualized in the oblique position (typically rotated 15 degrees from a zero-degree lateral projection). The C-arm was rotated into the contralateral side (left) of the disc herniation. After skin sterilization and anesthesia, we inserted a 16-gauge introducer needle, directing it gently toward the annular surface of the contralateral foramen (slightly lateral portion of the lateral edge of the superior articular process) using fluoroscopy. Once the disc surface was touched, the introducer needle was advanced approximately 1 cm into the disc. After confirming the introducer needle position using anteroposterior (AP) and lateral views, the stylet was removed, and the wand was inserted through the introducer needle. The wand had a navigable tip that could be curved to the desired angles by rotating a control wheel on the handle. We introduced the wand, and it passed the midline of the targeted disc. Using the control wheel, we placed the tip of the wand into the center of the posterolateral portion of the herniated disc. Before the radiofrequency current was applied, motor nerve stimulation was used to confirm that the tip of the wand was not close to the nerve root. Then, the radiofrequency current (265 V~rms~) was applied to the herniated portion of the disc using an RF generator (L'DISQ^®^, U & I Co., Uijeongbu, South Korea). During the decompression, the tip of the wand was continuously moved back and forth to increase the ablated disc volume. The 5-second ablation was performed 60 times. The procedural duration was 30 minutes. After the procedure, the patient reported no adverse effects. One week after the decompression procedure, the patient's pain score had reduced from 7 to 2. At the 1-, 3-, and 6-month follow-ups, the patient's NRS pain score was 1. At his 2-year follow-up after the procedure, he reported that his radicular pain was sustained at an NRS score of 1, and no oral medications or procedures were required.Figure 2(**A**) Patient A; (Left) the sagittal and axial T2-weighted lumbar spine MRI shows a massive right central herniated lumbar disc at L4-5. (Right) The wand with a curved tip is inserted into the L4-5 intervertebral disc to perform the percutaneous disc decompression, and the tip is placed near the herniated disc. (**B**) Patient B; (Left) the sagittal and axial T2-weighted lumbar spine MRI reveals a large right central herniated lumbar disc at L5-S1. (Right) The wand is inserted into the L5-S1 intervertebral disc with the tip placed near the herniated disc.

Patient B was a 39-year-old man who visited the spine center at the University Hospital with pain in the right buttock, posterior thigh, and calf, which had lasted for 15 days. His NRS score was 8 out of 10, and he could neither sit nor stand due to severe pain. The pain was piercing and tingling. Upon physical examination, he had a positive SLRT result at 30 degrees on the right side. His MRC score for the right extensor hallucis longus and plantar flexor was 4. Hyperalgesia and hyperesthesia were observed at the right S1 dermatome. On lumbar MRI, a large right central intervertebral disc extrusion was observed at the L5-S1 intervertebral disc ([Figure 2B](#F0002){ref-type="fig"}). Before his visit to our hospital, the patient had received 3 transforaminal and 2 interlaminar ESIs. However, no pain reduction was observed after each injection. We performed a percutaneous disc decompression under the guidance of fluoroscopy using the device and techniques that were used for patient A ([Figure 2B](#F0002){ref-type="fig"}). Post-procedural adverse effects were not observed. One week after the procedure, the patient's pain had reduced with a change in the NRS score from 8 to 1. At the 1-, 3-, and 6-month follow-ups, as well as the 2-year follow-up, the patient reported that his pain had completely resolved. Additionally, his motor deficits were nearly completely recovered.

Discussion {#S0003}
==========

We reported two cases of successfully managed lumbosacral radicular pain that was due to large intervertebral disc herniations that were not responsive to repeated ESIs. Both patients showed excellent outcomes even after 2 years following the procedure.

Unlike with other wands used in disc compression, the wand in the navigable percutaneous disc decompression device can be curved as required by the interventionist.[@CIT0006] Therefore, its advantage is that the wand tip can get close to the herniated disc. Although a direct comparison between the outcomes of the navigable percutaneous disc decompression device and other disc compression devices has not been conducted, the navigable percutaneous disc decompression device may remove herniated portions of the disc more effectively.

In 2012, Hong et al[@CIT0011] investigated the safety of disc decompression using the navigable percutaneous disc decompression device. They found that the device increased the body's temperature by up to 13.25°C in discs tested in human cadavers. In the outer annulus, the increase in temperature was \< 1°C. Therefore, they reported that the structures outside the disc, such as the nerves and meninges, are not damaged by the use of L'DISQ^®^.

Three studies have reported the therapeutic outcomes of the navigable percutaneous disc decompression device on pain caused by lumbar spine disorders.[@CIT0006],[@CIT0010],[@CIT0012] In 2011, Lee et al[@CIT0006] performed percutaneous disc compression in 27 patients using the navigable percutaneous disc decompression device. They recruited patients with radicular pain whose nerve roots were compressed by a herniated disc. Their average visual analog scale (VAS) score had reduced from 7.08 at pre-treatment to 1.84 at 24 weeks post-procedure. In 2015, Lee et al[@CIT0012] conducted the procedure with the navigable percutaneous disc decompression device in 20 patients with axial chronic discogenic back pain. At 48 weeks after the procedure, the average VAS score had changed from 7.55 at pre-treatment to 3.60. In 2019, Ceylan et al[@CIT0010] recruited 209 patients with HLD and a spinal canal with an axial diameter greater than 50%. The average VAS score reduced from 7.28 at pre-treatment to 3.03 at the 1-year follow-up. The overall satisfaction rate was approximately 80%. In these three previous studies, no major complications developed. However, disc decompression procedures are more invasive than ESIs. The navigable percutaneous disc decompression device can damage normal discs, not only herniated or pathological discs. Therefore, we recommend its use for patients with HLD whose radicular pain is refractory to repeated ESIs. However, in all the previous studies, the authors did not administer ESIs before the disc decompressions using L'DISQ.

In conclusion, our study is the first to show that percutaneous disc decompression with the navigable percutaneous disc decompression device may be useful for controlling lumbosacral radicular pain that is unresponsive to repeated ESIs. Our study is limited, as it involved only two cases. Further studies that involve more cases are required to elucidate the effects of the navigable percutaneous disc decompression device. In addition, studies for clarifying the indications of the navigable percutaneous disc decompression device should be conducted in the future.
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